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ABSTRACT

Effect of ZrN coating on the Electrochemical
Characteristic of T1 Alloy

Shin, Jae-Yeon,
Director : Prof. Ko, Yeong—-Mu, D.D.S., M.S.D., Ph.D.

Department of Dentistry,

Graduate School of Chosun University

Electrochemical characteristics of Cp-Ti (G&S TITANIUM, Grade. 4,

USA) and Ti-6A1-4V ELI (FORT WAYNE METAL, USA) coated with
ZrN using RF-magnetron sputtering method were examined.
The samples were cut and polished for corrosion test and coating. The
specimens were coated with ZrN by RF-magnetron sputtering method.
The microstructures were conducted by using optical microscope(OM),
X-ray diffraction meter (XRD) and field emission scanning electron
microscope (FE-SEM). The corrosion properties of the samples were
examined through potentiodynamic test (- 700 mV ~+ 1000 mV) and A.C.
impedance test (100 kHz ~ 10 mHz ) in 0.9% NaCl solution at 36.5 +
1Cby PARSTAT (EG&G Co, 2273. USA).

The results were as follows:

1. From the microstructure analysis, the Cp-Ti showed the acicular

structure of a-phase and Ti-6Al1-4V alloy showed the micro-acicular
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structure of a+ 3 phase.

2. From the analysis of ZrN-coated layer analysis, the ZrN-coated surface

showed columnar structure with 646 nm thickness.

3. The corrosion resistance of ZrN-coated Ti alloys were higher than
those of the non-coated Ti alloys in 0.9% NaCl solution, indicating
better protective effect. Corrosion resistance of coated Ti alloys

increased in the order of ZrN coating.

5. From the analysis A.C. impedance analysis in 0.9% NaCl solution, the
Ry, value of ZrN-coated Ti alloys showed higher than those of
Non-coated Ti alloy. Polarization resistance(R,) values increased with

ZrN coating.
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Fig. 1. Schematic diagram of RF-magnetron
Sputtering system.

Table 1. Deposition condition of ZrN film on
the Ti alloys.

Coating condition ZrN film

Target Zr (99.99%)

Base Pressure 1x10° Torr

Working Pressure 1x107 Torr

Gas N2 (35 scem)/
Ar (5 sccm)

Operation 150°C

Temperature

Pre-sputtering 20 min

Deposition Time 40 min

Power Supply 100 W




2-4. A71353% 54

AAE Tidk Ti 59 F2 5AS dotr7y] & d7iststa el vy
(PARSTAT, Model 2273, EG&G, USA)S o] &35 o1 09% NaCl A3
o /] =700 mV ~+ 1000 mV7}# & $ =43 (potentiodynamic)S *] Y

[¢)
24

!
F F94 =4 239 (AC impedance)S Al 3
stk Aggde Agol AlzEY] 308d FE Y w 74X o=t

2 Ty witgoEM Al 9o BeE, ASE 9 8E24AE AAA
_L
-

ol

=~
working electrode)oll & A&, 7] % = (reference electrode)

flo
.
ot
o
ool
_>|i —~

A= (satured calomel electrode, SCE)2 H % =(counter
electrode) 22+ 1 E BAHFES 717 AFEstA T Fig. 2& MEfeE &

& deEhido

o
=
[e]
g
—
Q
=N
@)
[N}
=
rlr
r
1>
i
ad)

EG&G PARSTAT 2273 A

O Computer

O—

(.J

reference elecirode

/

/

u\

\ _
Artificial Saliva Solution working electrode

counter elecirode

Fig. 2. Schematic diagram of the electrochemical
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Table 2. The corrosion condition of sample.

Potentiodynamic test

A.C. impedance

Electrolyte

0.9% NaCl

Working electrode Sample

Counter electrode High dense carbon

Reference electrode SCE

Scan rate
potential range
Temperature
Frequency range
A.C amplitude

Point

1.66 mV/s

- 700 mV ~ 1000mV

36.5+1C

0.9% NaCl
Sample
High dense carbon

SCE

36.5+x1°C
100 kHz~ 10 mHz
10 mV

5 point/decade
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Fig 3. FE-SEM and EDX micrographs showing the

microstructure of Ti alloys. (a) Cp-Ti (b)
Ti-6A1-4V alloy
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Fig. 4. X-ray diffraction patterns of Cp-Ti and
Ti-6Al-4V alloy.
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Fig. 5. Thin film FE-SEM micrographs showing
(a) ZrN coated layer of Si wafer
(b) Cp-Ti (c) Ti-6Al1-4V alloy.
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Fig. 6. Polarization curves of Non-coated and ZrN-
coated Cp-Ti after potentiodynamic test in
0.9% NaCl solution at 36.5+x1TC.
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Fig. 7. Polarization curves of Non-coated and ZrN-
coated Ti-6Al-4V alloy after potentiodynamic
test in 0.9% NaCl solution at 36.5+1C.
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Table 3. Corrosion potential (Ecrr) and corrosion
current density (Icorr) of Cp-Ti and Ti-6Al1-4V
alloy after potentiodynamic test in 0.9% NaCl
solution at 36.5+17C.

Non -caoted ZrN -caoted

CP-T1 Ti-6Al-4V CP-T1 Ti-6Al-4V

corr X -1 X -2 b4 -3 X104
(A/Cm?) 1.311X10 1.253X10 6.358X10 1.392x%10

E
corr -411 -285 -416 -501
(mV)

Ti-6Al-4V

Non treate>

Corrosion
Surface

- coatin; -

Fig 8 FE-SEM showing the corrosion surface of
Cp-Ti and Ti-6Al-4V alloy after potentio—
dynamic test in 0.9% NaCl solution at 36.5t1C.
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Fig. 9. Nyquist plots and Bode plots of Non-coated
and ZrN-coated Cp-Ti after A.C. impedance
test in 0.9% NaCl solution at 36.5+1C.
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Table 4. Polarization resistance (R,) of Cp-Ti and
Ti-6Al-4V alloy after A.C. impedance test in
0.9% NaCl solution at 36.5t1C

Non -caoted ZrN -caoted
CP-T1 Ti-6Al-4V CP-Th Ti-6Al1-4V
R,
(kex) 7.52 832 K24 1521
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